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nance	of	 ecosystem	 structure	 and	 function.	 To	decipher	 the	 influence	of	 changing	
environment	on	plant	C	and	N	stoichiometry	at	the	subcontinental	scale,	we	studied	
the	 shoot	 and	 root	C	and	N	 stoichiometry	 in	 two	widely	distributed	and	dominant	







and	a	nutrient	dilution	effect	 in	 the	plant-	soil	 system.	Our	 results	 suggest	 that	 the	
shifted	allocation	of	C	and	N	to	different	ecosystem	compartments	under	a	changing	
environment	may	change	the	overall	use	of	these	elements	by	the	plant-	soil	system.
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1  | INTRODUCTION










Most	 climate	 change	 scenarios	 forecast	 that	 several	 regions	will	
undergo	 increasing	aridity	 (IPCC	2013;	Meehl	&	Tebaldi,	2004).	Soil	
fertility	is	projected	to	change	around	the	globe	as	a	result	of	imbal-
ances	 in	 field	 fertilization,	 atmospheric	N	deposition,	pollution,	 land	
use	 changes,	 and	 climate	 change	 among	other	 processes	 (Peñuelas,	
Sardans,	Rivas-	ubach,	&	Janssens,	2012).	Climate	and	soil	fertility	are	
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Water	 availability	 in	 temperate	 ecosystems	 can	 influence	 the	 rate	
of	 plant	 growth	 and	 the	 availability	 of	 soil	N,	 leading	 to	 changes	 in	
plant	N	 concentration	 ([N])	 and	C:N	 ratios	 in	 aboveground	biomass	





























2  | MATERIALS AND METHODS
2.1 | Study area and sampling
In	 early	 August	 2012,	 we	 conducted	 the	 study	 along	 a	 2,200-	km	
west–east	 transect	 in	 China’s	 grasslands	 (Fig.	 S1).	 The	 transect	
spanned	 105.6°E–120.4°E	 and	 40.7°N–50.1°N.	 The	 topography	 of	
the	 study	 region	 consists	 of	 gently	 rolling	hills	 and	 tablelands,	with	
elevations	ranging	from	1,500	m	above	sea	level	in	the	west	to	700	m	
above	 sea	 level	 in	 the	 east.	 The	 climate	 of	 this	 region	 is	markedly	
seasonal,	with	 substantial	 annual	 variation	 in	both	 temperature	and	






from	west	 to	east)	 (Guo	et	al.,	2012).	The	 soil	 type	of	 the	 region	 is	
predominantly	xeric,	 sandy,	brown	 loess	 rich	 in	calcium	classified	 in	
the	Kastanozem	group	 in	 the	classification	 system	of	 the	Food	and	





























































from	 a	 global	 climate	 database	 with	 1-	km	 resolution	 (http://www.
























To	 study	 the	 relationships	 between	 aridity	 shifts	 and	 the	 overall	
plant,	 shoot,	 root,	 and	 soil	 [C]	 and	 [N]	 and	C:N	 ratios,	we	have	used	
F IGURE  1 Relationships	between	plant	shoot	and	root	[C]	and	C:N	ratios	and	aridity	for	Stipa and Cleistogenes	in	China’s	grasslands.	Left	
Y-	axis	corresponds	to	solid	black	circles;	right	Y-	axis	corresponds	to	solid	blue	circles





















3.1 | Relationships of plant C:N stoichiometry with 
aridity and soil fertility
Plant	shoot	[C]	significantly	decreased	with	increasing	aridity	for	Stipa 
and Cleistogenes	 (all	p < .001;	Figure	1).	Plant	root	[C]	increased	with	
increasing	aridity	for	Stipa	but	decreased	for	Cleistogenes	(all	p < .001; 
Figure	1).	Shoot	and	root	C:N	ratios	decreased	with	increasing	aridity	
for	Stipa and Cleistogenes	(all	p < .001;	Figure	1).
F IGURE  2 Relationships	between	plant	shoot	and	root	[C]	and	C:N	ratios	and	soil	fertility	(soil	total	[N]	and	C:N	ratio)	for	Stipa and 
Cleistogenes	in	China’s	grasslands.	Left	Y-	axis	corresponds	to	open	and	solid	black	circles;	right	Y-	axis	corresponds	to	open	and	solid	blue	circles
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Shoot	[C]	was	positively	correlated	with	soil	total	[N]	and	soil	C:N	ra-
tios	for	Stipa and Cleistogenes	(all	p < .001;	Figure	2).	Plant	[C]	in	the	root	
tissues	of	Stipa	decreased	linearly	with	soil	total	[N]	and	soil	C:N	ratios	
(all	p < .01;	Figure	2).	The	relationships	between	root	[C]	of	Cleistogenes 
and	soil	fertility	were	similar	to	those	of	shoot	(both	p < .001;	Figure	2).	
Plant	shoot	and	root	C:N	ratios	were	significantly	positively	correlated	



















3.2 | Relationships between plant [C] and [N]
The	large	variability	in	plant	C:N	ratios	in	response	to	the	climatic	and	
soil	variables	was	mainly	driven	by	plant	N	dynamics	 (Fig.	S2).	Plant	










2012),	 and	a	 relatively	constant	 [C]	per	unit	of	dry	mass	has	been	
demonstrated	 in	 plant	 tissues	 exposed	 to	 altered	 climatic	 regimes	
(He	et	al.,	2006)	and	at	elevated	CO2	levels	(Luo,	Hui,	&	Zhang,	2006).	
However,	our	results	were	more	in	line	with	those	from	a	study	that	






with	 relatively	 higher	 [C]	 but	 lower	 [N],	 such	 as	 stems	 and	 coarse	
roots	(Aerts	&	Chapin,	2000;	Elser	et	al.,	2010).	We	previously	found	
that	precipitation	stimulated	the	rate	of	plant	growth	and	increased	




the	 [N]	 in	 those	 tissues,	 resulting	 in	 higher	 [C]	 and	 lower	 [N]	 and	
hence	higher	C:N	ratios	(Li	et	al.,	2013;	Luo	et	al.,	2006).
F IGURE  3 Relationships	between	aridity	and	the	C	and	N	shoot-	to-	root	content	ratios	for	Stipa and Cleistogenes	in	China’s	grasslands.	Right	
Y-	axis	corresponds	to	black	circles;	right	Y-	axis	corresponds	to	blue	circles






stoichiometry	 (Reich	 &	 Oleksyn,	 2004).	 Fertile	 soils	 can	 provide	
mineral	nutrients	for	plant	uptake	and	growth,	so	despite	the	 large	
variability	 in	 plant	 strategies,	 plants	 growing	 on	 more	 fertile	 soils	
generally	contain	higher	nutrient	concentrations	and	thus	relatively	
lower	 C:nutrient	 ratios	 (Oleksyn,	 Reich,	 Zytkowiak,	 Karolewski,	 &	
Tjoelker,	2003;	Ordoñez	et	al.,	2009).	However,	contrary	to	this	pre-
diction,	plant	[C]	and	C:N	ratios	in	our	study	increased	significantly	





associated	with	plant	 size	 (Marba,	Duarte,	&	Agusti,	2007).	Soil	 fer-
tility	and	water	are	limiting	factors	in	the	arid	and	semiarid	grassland	
ecosystems	in	our	study	area,	so	higher	availabilities	of	water	and	soil	
nutrients	 will	 increase	 plant	 height,	 biomass	 production	 (i.e.,	 plant	
size),	and	shoot-	to-	root	ratio	(Luo	et	al.,	2013),	diluting	the	nutrient	
concentrations	 in	 the	 plant	 tissues	 and	 consequently	 leading	 to	 an	
increase	 in	plant	C:nutrient	ratios.	These	results	suggested	a	shift	 in	
plant-	soil	 system	shift,	 in	 terms	of	both	growth	and	nutrient	alloca-




The	 shifts	 in	 plant	 C:N	 ratios	 for	 both	 genera	were	 largely	 de-
termined	by	plant	N	dynamics.	Two	meta-	analyses	by	Yang,	Luo,	Lu,	
Schädel,	and	Han	(2011)	showed	that	plant	C:N	ratios	were	not	cor-
















respiration,	and	decomposition	 in	 terrestrial	ecosystems	 (Finzi	et	al.,	

















































and	have	 further	 feedbacks	 on	 climate	 change.	These	 findings	 thus	
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